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Abstract
Introduction: Food allergies represent a growing public health concern, particularly among 
children. This study aims to examine egg allergy in pediatric patients and analyze the value of 
serum-specific immunoglobulin E (sIgE) levels as predictive biomarkers for oral food challenge 
(OFC) outcomes.
Methods: Retrospective study, involving pediatric patients with suspected IgE-mediated egg 
allergy, conducted at a tertiary hospital.
Results: Data from 176 pediatric patients were analyzed, revealing a higher male prevalence 
(59.1%). Most cases (40.3%) presented symptoms in the first year of life, predominantly muco-
cutaneous symptoms (46%). OFC results varied across various forms of egg presentation, with 
cooked egg being the most frequently tested food. Positive OFCs were observed in 14.6% (n = 
36) of cases. The study identified specific egg protein biomarkers for positive OFC, with oval-
bumin for raw egg (sIgE > 1.28 KUA/L; area under the curve [AUC] = 0.917; sensitivity [S] 100%; 
and specificity [Sp] 92%), ovomucoid for cooked egg (sIgE > 0.99 KUA/L; AUC = 0.788, 95%; S: 
79%; and Sp: 74%), and ovomucoid for baked egg (sIgE> 4.63 KUA/L; AUC = 0.870; S: 80%; and 
Sp: 85%) showing predictive capacities.
Conclusions: The findings underscore the importance of considering various forms of egg pre-
sentation in the diagnosis and management of egg allergy. The findings highlight the valuable 
discriminatory capacity and provided reliable biomarkers, such as ovalbumin for raw egg and 
ovomucoid for cooked and baked egg in risk assessment, aiding in predicting OFC outcomes 
and helping clinicians to make informed decisions in diagnosing and managing egg allergies, 
thus improving patient care and quality of life.
© 2024 Codon Publications. Published by Codon Publications.
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Variables

Demographic characteristics, medical history, age at the 
time of OFC, time between serum sIgE measurement and 
OFC, total IgE, serum sIgE levels of egg white, egg yolk, 
ovalbumin, and ovomucoid (measured by standardized 
immunoenzymatic assay, ImmunoCAP), and OFC outcome 
were analyzed.

Oral food challenges were conducted as graded open 
challenges after obtaining written informed consent from 
legal guardians. OFCs were conducted by trained physi-
cians, with raw egg, cooked egg, cooked egg yolk, or baked 
egg. OFCs were considered positive if objective symptoms 
were observed within 2 h of intake of egg.16 Anaphylaxis 
was classified according to the definition of the World 
Allergy Organization.17 According to OFC results, patients 
were divided in two groups (“Negative” OFC group vs 
“Positive” OFC group).

Statistical analysis

Categorical data were presented as frequencies and contin-
uous variables as median, 25th percentile (P25), and 75th 
percentile (P75). Chi-square and Fisher’s tests were used 
to evaluate the association between categorical variables, 
and Mann–Whitney U test was used to evaluate association 
between categorical and continuous variables. Receiver 
operating characteristic (ROC) curves were generated to 
evaluate the diagnostic accuracy of identified biomarkers, 
serving as a metric for assessing a diagnostic test's ability 
to discriminate between classes. The area under the curve 
(AUC) reflects the performance in distinguishing between 
true positives and false positives, with values >0.7 consid-
ered acceptable. The Youden Index (the maximum poten-
tial effectiveness of a biomarker, J), derived from the ROC 
curve, aids in identifying the optimal cut-off value for a 
diagnostic test, signifying the best compromise between 
sensitivity and specificity, and thereby enhancing diagnos-
tic accuracy. The level of significance considered was α = 
0.05. All statistical analyses were performed using IBM SPSS 
Statistics version 28.

Results

Of 202 patients, 176 were enrolled in the study, out 
of which 30.7% (n = 54) underwent more than one OFC. 
Population characterization is presented on Table 1.

In all, 247 OFCs were conducted (Figure 1). Among 
these, 50.2% (n = 124) involved cooked egg, 27.1% (n = 67) 
raw egg, 12.1% (n = 30) cooked egg yolk, and 10.5% (n = 26) 
baked egg. The results showed that 14.6% (n = 36) of the 
OFCs yielded positive outcomes, without statistically signif-
icant differences among them, except for the cooked egg 
yolk group, where no positive OFC was observed. Among 
the patients sensitized to egg proteins, who had never 
experienced symptoms upon egg consumption, but were 
on egg eviction diet (n = 15), one patient (6.7%) exhibited 
a positive OFC to cooked egg. The remaining patients had 
negative OFCs with raw egg (n = 6, 40%), cooked egg (n = 4, 

Introduction

Allergies are symptomatic overreactions by the immune 
system to otherwise harmless substances, known as aller-
gens.1 Food allergies are common in children, particularly 
those allergic to cow's milk and hen's egg, and have become 
a growing public health concern in developed countries.2–4

Allergic reactions to food proteins are a common cause 
of life-threatening reactions in pediatric allergic patients 
and could persist throughout life.5 Food-allergic patients 
often worry about unintentional exposures and their con-
sequences, especially anaphylaxis, facing multiple dietary 
and psychosocial restrictions.3

Eggs are a fundamental food of human diet, and 
together with cow’s milk, they are the most common food 
allergens in children.6 Prevalence of egg allergy ranges 
between 0.5% and 8.9% of the pediatric population.7 

Although most children outgrow their egg allergy, it is cru-
cial to accurately diagnose and manage the condition to 
prevent severe allergic reactions.7 Understanding the nat-
ural history of egg allergy is crucial for planning the next 
steps in management, whether it involves avoiding eggs 
entirely or considering the introduction of baked egg, 
which is less allergenic.3

Oral food challenge (OFC) is the gold standard for con-
firming the diagnosis and assessing tolerance to egg; how-
ever, OFC is not without risk.7 The role of serum-specific 
IgE (sIgE) in the pathogenesis of egg allergy is well-docu-
mented.8 As a widely utilized in vitro test, it has demon-
strated efficacy in evaluating potential egg allergic patients 
and predicting clinical reactions during OFCs, with reduced 
exposure risks.8 However, different studies report variable 
optimal serum sIgE cut-offs.7,9–15 Identifying predictive bio-
markers for OFC outcomes can aid in risk stratification and 
clinical decision-making.

This study aimed to investigate the characteristics of 
egg allergy in a cohort of pediatric patients and evaluate 
the predictive ability of serum sIgE levels as biomarkers for 
OFC outcomes.

Methods

Study design and participants

A single center retrospective study was conducted in the 
Allergy and Clinical Immunology Department of a tertiary 
hospital in Lisbon, Portugal.

All pediatric patients with suspected IgE-mediated egg 
allergy and on an egg eviction diet, who underwent OFC 
with hen egg between January 2017 and June 2023, and 
had available serum sIgE for egg allergens in 12 months 
prior to OFC, were included in the study. The clinical 
suspicion of egg allergy was established based on clin-
ical history by consulting medical records and laboratory 
findings. Exclusion criteria were an inconclusive OFC or a 
non-IgE-mediated egg allergy.

This study was granted approval by the Central Ethics 
Committee of Centro Hospitalar Universitário de Lisboa.
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Discussion

Our study showed that egg allergy was more frequent in 
males, which was similar to other studies that had iden-
tified male gender as an immutable risk factor for food 
allergy in children.4

In maximum cases, the occurrence that raised suspicion 
of egg allergy occurred in the first year of life, suggesting 
that egg allergy often manifests early in childhood, which 
was similar to the published studies, where the onset often 
occurred prior to the first birthday; this is partly associated 
with immature immune responses.6,8

Allergy is a multifactorial condition where the symp-
toms and onset can often mislead medical fraternity.1 In our 
population, mucocutaneous symptoms were the predomi-
nant clinical presentation, while gastrointestinal symptoms 
were reported in a smaller proportion. Anaphylaxis was 
reported in a significant number of patients; however, as 
mentioned, symptoms could be poorly understood by par-
ents and attending physicians, leading to a poor association 
with a suspected allergic reaction.

A remarkable finding in our study was that a consider-
able subset of patients was referred solely based on pos-
itive serum sIgE to egg proteins without any associated 
symptoms on egg consumption, usually found while inves-
tigating other allergies, such as atopic dermatitis or other 
food allergies. Serum sIgE determination assays have good 
sensitivity but low specificity,15 highlighting the importance 
of considering sIgE testing only when an egg allergy is sus-
pected, otherwise it can promote unnecessary evictions 
and have a deleterious impact on patients’ lives.

Respiratory allergy was observed in more than half of 
the patients (51.7%), indicating a possible co-occurrence 
of egg sensitization with other allergic conditions. Atopic 
dermatitis was also relatively common, affecting 36.4% 
of the participants, further emphasizing the complex-
ity of allergies and their interplay in affected individu-
als. Additionally, other food allergies were reported in a 

Table 1  Baseline characteristics of participants (n = 176).

Patients (%)

Males 104 (59.1%)
Age at 1st episode (IQR) years 0 (1)
1st episode manifestations
  Mucocutaneous 81 (46%)
  Gastrointestinal 19 (10.8%)
  Anaphylaxis 25 (14.2%)
  Asymptomatic sensitization 15 (8.5%)
  No data 36 (20.5%)
Personal history
  Respiratory allergy 91 (51.7%)
  Atopic dermatitis 64 (36.4%)
  Other food allergy 70 (39.8%)
  No atopic comorbidity 34 (19.3%)

Figure 1  Diagram of oral food challenges (OFC) performed (n = 247) and respective results (there were patients that underwent 
more than one OFC).

26.7%), cooked egg yolk (n = 3, 20%), and baked egg (n = 1, 
6.7%).

Comparisons between groups based on the OFC out-
come are presented in Table 2 and Figure 2. Individuals 
with a positive OFC to raw egg demonstrated significantly 
higher serum sIgE levels for egg white, egg yolk, and oval-
bumin. Patients with positive cooked egg OFCs were older 
in age and exhibited significantly elevated serum sIgE lev-
els for egg white and ovomucoid. Furthermore, individuals 
with positive baked egg OFCs showed significantly higher 
levels of ovomucoid.

The ROC results are given in Table 3 and Figure 3.
In the raw egg group, we identified ovalbumin as the 

most effective biomarker for predicting a positive OFC 
outcome (sIgE > 1.28 KUA/L). For the cooked egg group, 
ovomucoid emerged as the most predictive biomarker for 
a positive OFC result (sIgE > 0.99 KUA/L). In the baked egg 
group, ovomucoid displayed a significant predictive capac-
ity for a positive OFC outcome (sIgE > 4.63 KUA/L).

Patients

No of OFC

Results
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high-risk infants and delayed egg introduction may para-
doxically increase egg allergy diagnoses and healthcare 
costs.19

The distribution of the OFCs reflects the natural his-
tory of egg allergy, since tolerance to cooked egg precedes 
tolerance to raw egg,1 leading to food challenges with 
cooked egg being the most frequently tested food. A low 
proportion of positive OFC indicates accurate assessment 
by attending physicians and underscores that self-reported 

significant proportion (39.8%), suggesting a broader pattern 
of allergic sensitization among the study cohort.

The development of atopic manifestations usually starts 
early in life, and tends to progress with time, and having 
one atopic disease is considered a risk factor for develop-
ing other atopic comorbidities Published results indicate 
that infants with a history of allergy and/or atopic diseases 
and sensitization to hen egg proteins are at higher risk of 
developing egg allergy.6 However, universal screening of 

Figure 2  Total IgE and serum-specific IgE of egg proteins according to various forms of egg presentation and OFC outcomes.

Table 2  Comparison between groups according to the oral food challenge (OFC; n = 247) outcome.

OFC

Raw (n = 67)

P

Cooked (n = 124)

P

Baked (n = 26)a

P
Negative 
(n = 57)

Positive  
(n = 10)

Negative 
(n = 103)

Positive  
(n = 21)

Negative 
(n = 21)

Positive  
(n = 5)

Males 29 (50.9%) 6 (60.0%) 0.736 64 (62.1%) 15 (71.4%) 0.420 10 (47.6%) 2 (40.0%) 1.000
Age of OFC (IQR) 

years
5 (6) 5 (4) 0.553 3 (3) 4 (7) 0.030 5 (5) 9 (10) 0.239

Time IgE to OFC (IQR) 
months

7 (9) 6 (8) 0.778 4 (5) 4 (6) 0.488 3 (4) 8 (10) 0.115

Personal history
Respiratory allergy 35 (61.4%) 4 (40%) 0.299 52 (50.5%) 12 (57.1%) 0.578 11 (52.4%) 3 (60%) 1.000
Atopic dermatitis 19 (33.3%) 2 (20%) 0.487 34 (33%) 12 (57.1%) 0.037 11 (52.4%) 1 (20%) 0.330
Other food allergy 24 (42.1%) 5 (50%) 0.736 35 (34%) 6 (28.6%) 0.631 8 (38.1%) 4 (80%) 0.148
 Immunoglobulin E (IQR; KUA/L)b

Total IgE 352 (715) 130 (1259) 0.282 146 (491) 302 (444) 0.111 531 (582) 620(-) -
Egg white 0.69 (0.87) 1.7 (2.25) 0.005 1.12 (2.33) 2.82 (3.11) 0.009 4.3 (4.15) 6.5 (12.11) 0.162
Egg yolk 0.18 (0.42) 0.62 (0.98) 0.003 0.3 (0.74) 0.56 (1.50) 0.074 0.76 (1.37) 1.74 (4.68) 0.135
Ovalbumin 0.49 (0.67) 1.58 (0.75) <0.001 0.8 (1.94) 1.09 (3.33) 0.412 1.33 (1.82) 2.38(-) -
Ovomucoid 0.10 (0.32) 0.28 (0.73) 0.230 0.26 (1.12) 1.38 (2.57) <0.001 1.78 (2.64) 8.43 (17.12) 0.012

IQR: interquartile range; aIQR and P-value of total IgE and ovalbumin for baked egg group were not calculated due to insufficient 
results; bIgE values presented are median values. 
Note: OFCs with egg yolk were not included because of the absence of positive results.
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Figure 3  Receiver operating characteristic curves to obtain optimal levels of serum sIgE.

Table 3  Cut-off values of various serum sIgE egg proteins for positive OFC with sensitivity > 95%, optimal and specificity > 95%.

Egg IgE Cut-off Value AUC (95% CI) Sensitivity Specificity P

Raw Egg white S > 95% 0.24 - 100% 25%
Optimal 1.11 0.777 (0.617–0.937) 80% 72% 0.001
Sp > 95% 3.07 - 30% 97%

Egg yolk S > 95% 0.12 - 100% 35%
Optimal 0.28 0.796 (0.661–0.931) 90% 67% <0.001
Sp > 95% 1.4 - 20% 96%

Ovalbumin S > 95% 1.28 - 100% 92%
Optimal 1.28 0.958 (0.900–1.017) 100% 92% <0.001
Sp > 95% 1.58 - 50% 97%

Cooked Egg white S > 95% 0.54 - 95% 27%
Optimal 1.29 0.682 (0.575–0.788) 81% 55% 0.001
Sp > 95% 11.15 - 10% 95%

Ovomucoid S > 95% 0.27 - 95% 50%
Optimal 0.99 0.788 (0.694–0.882) 79% 74% <0.001
Sp > 95% 3.16 - 26% 96%

Baked Ovomucoid S > 95% 2.55 - 100% 65%
Optimal 4.63 0.870 (0.718–1.022) 80% 85% <0.001
Sp > 95% 7.95 - 60% 95%

AUC: area under the curve; CI: confidence interval; S: sensitivity; Sp: specificity.
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conducted by Ando et al.13 proposed an optimal cut-off 
value of 4.40 KUA/L for ovomucoid to predict a positive 
OFC. Another study conducted by Vazquez-Ortiz et al. 
identified a negative decision point of 0.23 KUA/L and a 
positive decision point of 3.74 KUA/L for ovomucoid.9 The 
number of patients included in both studies was lower (n 
= 108 and 35, respectively) but had higher proportion of 
positive OFCs (35.2% and 58.8%, respectively). The higher 
cut-off values presented, in comparison to our study, might 
lead to some patients being incorrectly identified as nonal-
lergic, with a higher probability of reacting during an OFC.

In the baked egg group, ovomucoid remained the only 
potentially interesting biomarker with a cut-off value of 
4.63 KUA/L. A recent study conducted by Krawiec et al. 
discovered an optimal cut-off value of 0.55 KUA/L for 
ovomucoid.14 A study conducted by Caubet et al. identified 
an optimal cut-off value of 3.3 KUA/L for ovomucoid serum 
sIgE.11 Even though these studies had a higher number of 
patients, our results suggested that a more proactive 
approach could be considered safe with select children in 
which an OFC could be conducted safely, not requiring to 
wait for serum sIgE to drop further.

Our data emphasized the importance of considering 
different forms of egg presentation while evaluating spe-
cific IgE levels in the diagnosis and management of egg 
allergy. The variation in biomarker performance across 
egg forms emphasized the need for tailored approaches in 
clinical practice. These findings highlighted the potential 
clinical utility of serum sIgE measurements for ovalbumin 
and ovomucoid in predicting allergic reactions to differ-
ent forms of egg presentation during OFC assessment. 
Moreover, the absence of positive OFCs in response to 
cooked egg yolk, associated with the statistically signif-
icant difference observed in egg yolk serum sIgE values 
between positive and negative groups for raw egg OFC, 
raised intriguing questions about the allergenicity and 
immunogenicity of this specific egg component, warranting 
further investigation.

The present study had several strengths that enhanced 
the significance and reliability of its findings. It included 
a well-defined cohort of pediatric patients, providing a 
focused and representative sample of individuals with sus-
pected egg allergy, and evaluated a range of egg presen-
tation forms, including cooked egg, raw egg, cooked egg 
yolk, and baked egg. This cohort allowed for an in-depth 
analysis and interpretation of serum sIgE across the vari-
ous egg cooking methods. This comprehensive assessment 
allowed for a more nuanced understanding of allergenic-
ity across various egg components. The study's findings 
had direct clinical relevance, aiding in the diagnosis and 
management of egg allergy. Identifying the most predictive 
biomarkers, such as ovalbumin and ovomucoid, could lead 
to a personalized patient care.

While the study provided valuable insights, it also had 
certain limitations. The study was conducted at a single 
center, potentially introducing biases related to the local 
population and practices, thereby limiting the ability to 
extrapolate our findings to the general population. The 
study’s retrospective nature might lead to inherent lim-
itations, including incomplete or missing data, recall bias, 
and lack of control over confounding variables. Addressing 
these limitations in future investigations could enhance the 

allergies often exceed true allergies, confirmed through 
OFCs.4

A noteworthy observation was the absence of posi-
tive OFCs in response to cooked egg yolk, a similar result 
obtained by Kido et al.,10 indicating that egg yolk might 
have a lower allergenic potential compared to other egg 
components.1,20

Egg allergens are composed of more than 20 types of 
proteins and glycoproteins, among which the most predom-
inant are ovomucoid and ovalbumin from egg white, and 
alpha-livetin from egg yolk.8 Increasingly high serum sIgE 
levels indicate higher chances of clinical allergy; however, 
sensitivity is generally higher than specificity,4 which means 
that a proper evaluation of such results is imperative.

In the current literature, there is no universally 
accepted cut-off value for predicting egg allergy, because 
the population studied, the diagnostic methodology, and 
statistical analysis often differ, leading to different results. 
However, no cut-off value by itself may allow a firm diag-
nosis of egg allergy.15 It should instead be used to a better 
risk assessment, and complemented by a proper evaluation 
made by a qualified allergist.

In our population, the assessment of serum sIgE lev-
els in response to different egg proteins yielded valuable 
breakthroughs into their discriminatory capacity in predict-
ing positive OFC outcomes.

In the raw egg group, ovalbumin emerged as the most 
effective biomarker, exhibiting an impressive AUC of 0.958 
for a cut-off value of 1.28 KUA/L. Most published stud-
ies had evaluated serum sIgE of egg white only, and not 
of different proteins.10,15 Studies in which ovalbumin was 
evaluated proposed cut-offs ranging from 1.3 KUA/L to 75 
KUA/L,15 and as expected, their sensitivity and specific-
ity vary greatly. The studies conducted by Vazquez-Ortiz 
et  al.9,12 focused on identifying predictive values of oval-
bumin serum sIgE for egg allergy in children aged >5 years, 
and showed a negative decision point of 0.30 KUA/L and 
a positive decision point of 2.01 KUA/L. In comparison, 
we verified that our optimal cut-off values were within 
their respective negative and positive decision points. 
Choosing a singular cut-off point, as opposed to an inter-
val, helps mitigate uncertainty concerning sIgE values that 
were between negative and positive decision points. This 
approach enhanced the predictability of OFC results, con-
tributing to a more robust risk assessment.

For the cooked egg group, ovomucoid demonstrated 
the best predictive ability with a good AUC and a cut-off 
value of 0.99 KUA/L. Concerning the current literature, 
most studies had focused on egg white serum sIgE, with 
values ranging from 24 KUA/L to 61 KUA/L to predict a pos-
itive OFC. These values allowed a high positive predictive 
value, but low in specificity,15 which means that many true 
allergic patients were catalogued as probably negative in 
OFC, leading to a poor risk evaluation. A study conducted 
by Kido et al.10 identified optimal predictive values of 10.1 
KUA/L for a positive OFC of ovomucoid.

In the present study, patients had OFCs at an earlier 
age (median age approximately 2 years, while in our study 
the median age was 4 years) and the proportion of pos-
itive OFCs was remarkably higher (41.7% vs 14.9%). This 
favors the hypothesis that egg tolerance develops with age 
and is accompanied by a reduced serum sIgEs.21 A study 
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comprehensiveness and applicability of findings, guiding 
clinicians to more accurate diagnosis and effective man-
agement of egg allergy.

Conclusion

The present study revealed significant insights into the epi-
demiology and diagnostic aspects of pediatric egg allergy. 
The evaluation of serum sIgE levels provided valuable dis-
criminatory capacity, being of outmost importance during 
risk assessment by helping to predict positive OFC out-
comes for different forms of egg presentation. The iden-
tification of reliable biomarkers, such as ovalbumin for 
raw egg and ovomucoid for cooked and baked egg, with 
well-defined cut-off values, could help clinicians in mak-
ing informed decisions in diagnosing and managing egg 
allergies, ultimately improving patient care and quality of 
life. Future research in this area is crucial for refining our 
understanding of egg allergy pathophysiology and for opti-
mizing diagnostic and therapeutic strategies.
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